Aim: To evaluate the immediate microtensile bond strength (µTBS) of three two-step etch-andrinse adhesive systems applied under different dentin surface moisture conditions. Methods: Class V cavities were prepared in seventy-two bovine incisors. Each tooth was randomly allocated into three groups, according to the adhesive system used: Single Bond 2 (SB), Prime & Bond 2.1 (PB) and XP Bond (XPB). Each group was divided in three subgroups, according to the dentin moisture condition: over-wet, moist and dry (n=8). For the moist subgroups the adhesive was applied as to the manufacturer's instructions; for the over-wet ones, without drying the cavity after the rinsing procedure; and for the dry subgroups, drying the surface for 20 s. The teeth were restored with Filtek Z-250 and stored in distilled water (24 h); next, each restoration was sectioned in beam-shaped specimens which were stored for 24 h at 37 °C. Each specimen was submitted to µTBS test (EMIC), and data were analyzed using two-way ANOVA and Tukey test (p<0.05). Results: There was a statistically significant interaction between the adhesive system type and the dentin surface moisture condition (p=0.003). SB and XPB presented higher bond strength in the moist dentin condition, and PB showed high µTBS values in the dry substrate. Conclusions: The moisture condition influenced the bond strength between the adhesives and dentin. SB performed better in the moist condition, whereas PB and XPB showed satisfactory bond strength in the moist and in the dry substrates. The over-wet dentin condition only impaired bond strength to SB and XPB.
Introduction
Differently from the enamel substrate, the adhesive process in dentin is more technique-sensitive, depending on the operator's experience 1 , on the surface moisture conditions of the tooth cavity [2] [3] [4] and also on the substrate morphology 5 . Therefore, to promote dentin adhesion, contemporary dental adhesives are categorized into two classes of materials according to the strategy of etching the tooth substrate: the etch-and-rinse or the self-etch techniques. The former uses separate application of an acid solution (commonly phosphoric acid) to etch the surface, whereas the latter uses the adhesive itself 6 . Finished the etching step, a primer and a resin adhesive material should also be applied to complete the adhesive system application.
With regard to the use of etch-and-rinse adhesives in dentin, the acid solution
is applied for 15 s followed by rinsing and drying the surface. After that, an ideally moist surface must be achieved to maintain the collagen fibrils in expansion, allowing them to entangle with the resin monomers and to enhance the adhesion process (the so called wet bonding technique) 7 . However, these procedures of rinsing and drying are considered the most critical factors when using etch-andrinse materials; in addition, extensive or complex tooth cavities may present different degrees of wetness, where overwet and dry regions may exist on the same tooth surface [8] [9] . As a consequence, that ideally moist surface is difficult to achieve.
Besides the possibility of different moisture degrees remaining in the same tooth cavity after the etching/rinsing/ drying procedures, the adhesion process is also influenced by the adhesive system's composition, mainly the type of solvent used 9 . Among the most common solvents present in dental adhesives there are water, ethanol, acetone and tetrahydrofuran [10] [11] . Differently from this pattern, XP Bond ® adhesive system (Dentsply Caulk, Milford, MA, USA) 12 , which contains tert-butanol as solvent, is a two-step etch-and-rinse adhesive which is marketed as being a good adhesive agent even in over-wet or dry dentin conditions. Hence, considering that the solvent plays important roles in the collagen fibrils expansion, in their affinity for the entanglement with the resin monomers, and in the residual water removal of the tooth cavity 13 , the aim of this study was to evaluate the influence of surface moisture condition on the immediate bond strength to dentin of different etchand-rinse adhesive systems. The tested hypothesis was that the adhesives would present different bond strength results at different dentin surface moisture conditions after 24 h of water storage.
Material and methods

Tooth preparation and bonding procedures
Seventy-two bovine incisors were obtained, cleaned and stored in an aqueous 0.5% solution of Chloramine T for one week. Class V cavities (6 mm length, 4 mm width, and 2 mm thickness) were then prepared using diamond bur (FG #1045, KG Sorensen, Cotia, SP, Brazil) in high-speed handpiece; the bur was replaced by a new one after every 8 teeth prepared. The cavity walls were parallel with each other, as a parallelometer was used. After being prepared, each tooth was randomly allocated in three groups, according to the adhesive system applied: Adper™ Single Bond 2 (SB); Prime & Bond 2.1 (PB), and XP Bond (XPB). The brand name, manufacturer, lot number, composition information and application protocol (following manufacturer's instructions) of each adhesive are shown in Table 1 . Each group was further divided in three subgroups, according to the dentin surface moisture condition maintained in the cavity: (1) an over-wet condition; (2) a moist condition; or (3) a dry condition (n=8). A 35% phosphoric acid gel solution (Condac 37; FGM, Joinville, SC, Brazil) was applied on the dentin substrate for 15 s and rinsed by water-spray for 15 s. The adhesives were then applied (manufacturer's instructions) for all groups (Table 1) , except in the over-wet groups where the dentin substrate was maintained plenty of water without surface drying, and in the dried groups where the dentin was thoroughly dried with an air-spray for 20 s. The moist groups where obtained by gently drying the substrate with paper points until a glossy dentin substrate was achieved, according to the wet bonding technique 7 . Next, the adhesives were applied and light-activated for 20 s using a light-emitting diode (LED) light-curing unit (Radii; SDI, Bayswater, VIC, Australia). The radiance was measured with a digital power meter (Ophir Optronics, Danvers, MA, USA) and it was 900 mW/cm 2 . After light-activation, the composite resin (Filtek Z-250, 3M ESPE, St. Paul, MN, USA) was placed in three 2-mm-thick increments, which were built up separately using opposite tooth surfaces in an attempt to diminish the C-factor; each increment was then light-activated for 20 s. The restored teeth were stored in distilled water at 37 °C for 24 hs.
Microtensile bond strength (µTBS) test
The teeth were sectioned longitudinally and transversally using a refrigerated diamond saw at low speed (Isomet 1000; Buehler Ltd, Lake Bluff, IL, USA) to obtain specimens with approximately 0.8 mm² of transverse-sectional area. The specimens were stored in distilled water at 37 °C for 24 h and were fixed with cyanoacrylate adhesive (Super Bonder Gel, Loctite Ltda., São Paulo, SP, Brazil) to a metallic device for the microtensile test 14 . The µTBS test was performed in a universal testing machine (DL-500; Emic, São José dos Pinhais, PR, Brazil) at a crosshead speed of 1 mm/min. Bond strengths were calculated and expressed in MPa, and the premature failures were registered but were not used for the statistical analysis.
Fracture analysis
The fractured specimens were examined by stereomicroscopy at 40x magnification. The failure patterns were classified as: adhesive at the interface (when the failure occurred at the hybrid layer), cohesive in resin (at the adhesive resin and/or composite), cohesive in dentin, or mixed (when the failure involved different failure patterns).
Statistical analysis
The statistical program SigmaStat version 3.5 (Systat Software Inc., Chicago, IL, USA) was used for data analysis. The immediate µTBS results were submitted to two-way analysis of variance (ANOVA) (adhesive system and dentin moisture condition as factors) and post hoc Tukey's test for multiple comparisons. Statistical significance was established at 5%.
Results
There was a statistically significant interaction between the adhesive system type and the dentin surface moisture condition (p=0.003). Means (standard deviations) of µTBS Influence of surface moisture condition on the bond strength to dentin of etch-and-rinse adhesive systems Table 2 . Table 2 . Table 2 . Table 2 . Table 2 . Immediate microtensile bond strength to dentin (MPa) and standard deviation (SD) presented by the adhesive systems at different dentin surface moisture conditions.
Superscripts capital letters in a same column represent statistically significant differences among the adhesive systems (p<0.05) and superscripts small letters in the same row represent statistically significant differences among dentin conditions (p<0.05).
are displayed in Table 2 . In the over-wet condition, SB demonstrated similar µTBS mean to PB (p=0.308), but higher than XPB (p<0.001), which presented the lowest immediate bond strength mean of this study, but similar to PB (p=0.441).
Within the moist dentin condition, SB showed higher bond strength results than the other adhesive systems (p<0.001), which had not differed between each other (p=0.228). In the dry condition, PB demonstrated similar µTBS mean to SB (p=0.310), but higher than XPB (p=0.008), which showed similar bond strength mean to SB (p=0.289). Figure 1 shows the fracture pattern analysis of the µTBS results, where a predominance of adhesive failures has occurred in the over-wet condition; equilibrium of mixed and adhesive failures in the moist dentin surface; and presence of some dentin cohesive failures in the dry condition.
Discussion
The current investigation selected different types of twostep, etch-and-rinse adhesive systems containing different organic solvents in an attempt to evaluate their influence on the bond strength to dentin in over-wet, moist or dry surface moisture conditions. While Single Bond (SB) is a waterethanol-based adhesive, Prime & Bond (PB) and XP Bond (XPB) are composed by acetone and tert-butanol, respectively. It was hypothesized that the adhesive systems would produce different bond strength results in the different dentin moisture conditions. According to the results displayed in Table 2 , this hypothesis can be partially accepted, as SB performed better on the moist dentin substrate, PB on the dry when compared to over-wet circumstance, and XPB showed higher bond strength in the moist substrate than in the over-wet condition.
The highest bond strength results of the present study were obtained by the application of SB on the moist dentin (Table 2) . This material presents a mixture of water and ethanol, which are considered strong hydrogen bonding solvents, although the latter has a higher vapor pressure than the former (43.9 versus 17.5 mm Hg at 20 °C, respectively) 15 , leading to its faster evaporation. Several studies have stated that ethanol-based adhesive systems seem less sensitive to the amount of moisture in dentin [16] [17] [18] ; nevertheless, this might be true only when a moist dentin is achieved, as the excess
of water (over-wet groups) or its absence (dry groups) resulted in a significant reduction of the bond strength values. Even though moisture is necessary for a good bonding to dentin, its excess may hamper the water removal, preventing complete monomer infiltration into the demineralized dentin, or even compromising the adhesive polymerization [19] [20] . The over-wet moisture condition prepared in the present study, which was obtained without drying the surface after rinsing the tooth cavity, may have probably diluted the adhesive material, turning the hybrid layer porous and more permeable. In the dry surface condition, the over-drying procedure (20 s of airstream application after rinsing) might have collapsed the collagen fibrils, enabling the monomers to properly infiltrate through the collagen matrix 11 . Differently from a waterethanol-based material, PB is formulated with acetone. According to Reis et al. 18 (2003) acetone-based adhesive systems require a wetter dentin surface to achieve high bond strengths. Likewise, Cardoso et al. 21 obtained higher bond strength results in wet dentin when compared to dry dentin. Notwithstanding, da Silva et al. 22 showed similar bond strengths in both wet and dry substrates when using an acetone-based adhesive. These results corroborate those of the present study, in which higher mean µTBS was found in the dry subgroup but without statistically significant difference in comparison with the moist subgroup. A reasonable explanation is that acetone presents high vapor pressure (184 mm Hg at 20 °C) 15 , which makes it extremely volatile, with fast evaporation from dentin; as a consequence, residual solvent into the adhesive layer is less likely to remain, guaranteeing optimal monomer infiltration/polymerization 23 . Also, complete residual solvent removal increases the quality of adhesives by forming a structure, which is less permeable, more cohesive and densely-packed 24 . On the other hand, PB applied on the over-wet dentin condition resulted in significantly lower µTBS mean than the value obtained in the dry condition. Acetone, which presents lower polarity than water and ethanol, does not form hydrogen bonds, thus it would not be able to interact easily with over-wet dentin. Consequently, residual water may have been entrapped within the fibrils, enabling the resin diffusion and subsequent polymerization 11 . Despite the water-ethanol and acetone-based adhesive systems being more common in dentistry, XPB contains tertbutanol as the organic solvent. It has been claimed to be less technique-sensitive, due to its improved ability of diffusing through collagen fibrils, even in a collapsed state 12 . Thus, it was supposed to be a good bonding agent option to be applied in some adverse conditions such as over-wet or over-dry dentins. According to an in vivo clinical evaluation, XPB met the criteria for a provisional acceptance (American Dental Association guidelines), presenting less than 5% failure rate after 6 months of clinical performance 25 .
Additionally, other studies have demonstrated satisfactory bond strength results when using this adhesive [26] [27] . Nevertheless, the present study results showed that XPB was associated with the lowest µTBS values in all the three surface conditions evaluated (Table 2) , although similar bond strength means for PB (in the over-wet and moist conditions) and for SB (in the dry condition) could be observed. A possible reason for this result is the lower vapor pressure of tert-butanol (26 mm Hg at 20 °C) 28 when compared to ethanol and acetone (43.9 and 184 mm Hg at 20 °C, respectively), hampering its ability to remove the residual water molecules and its own evaporation from the dentin surface. Another possible explanation is that monomers such as HEMA can decrease the vapor pressure of water, interfering with the removal of any residual water 29 , and considering that XPB contains HEMA (Table 1) , the tert-butanol ability of controlling dentin wetness may have been even more reduced.
All the afore-mentioned different bond strength results are in accordance with the failure patterns obtained in this study (Figure 1) . The highest µTBS means were obtained in the moist dentin condition, which has shown a balance of adhesive and mixed failures for all the adhesive systems applied. On the other hand, in the dry condition, which may have reduced the cohesive strength of the dentin substrate, a predominance of adhesive failures has occurred plus the appearance of some dentin cohesive failures. Differently, the over-wet dentin condition was marked by a predominance of adhesive failures, suggesting that the hybrid layer was at least in some extent defective and poorly produced.
Within the limitations of the present study, it may be concluded that the moisture condition influenced the microtensile bond strength to dentin among the evaluated adhesive systems. Single Bond 2 performed better in the moist condition, whereas Prime & Bond and XP Bond showed adequate bond strength in the moist and dry substrates. Notwithstanding, the over-wet dentin condition only significantly impaired the bond strength of the Single Bond 2 and XP Bond adhesive systems.
